Objective: To assess prospectively the effectiveness of lacosamide (LCM) added to levetiracetam (LEV) after down-titration of a concomitant sodium channel blocker (SCB) among patients with focal epilepsy not adequately controlled on LEV and SCB.
| INTRODUCTION
Given the large number of available antiepileptic drugs (AEDs) and the even larger number of possible combinations, systematic evaluation of optimal AED combinations is not feasible.
1
It has been proposed that combination therapy should include selection of drugs with low potential for drug-drug interactions (DDIs) and for amplification of adverse effects, while minimizing total drug load. 2 Combining AEDs based on their mechanism of action can also provide a rational approach to the challenge. 1, 3 While the potential
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for enhanced neurotoxicity when combining two sodium channelblocking AEDs was observed over 40 years ago, evidence for enhanced efficacy with specific combinations remains inconsistent. [4] [5] [6] While traditional sodium channel blockers (SCBs) such as phenytoin, carbamazepine and lamotrigine act by inhibiting fast inactivation of the channels, lacosamide (LCM) selectively enhances slow inactivation. 7, 8 Post hoc analyses of data pooled from double-blind, placebo-controlled trials suggested that the combination of LCM with a non-SCB might be associated with better tolerability than with a SCB. 9 A retrospective study also highlighted cases of patients who did not tolerate LCM 200-350 mg/day without concurrent reduction of carbamazepine or oxcarbazepine. 10 Levetiracetam (LEV) is a non-SCB AED; therefore, based on their differing mechanisms of action and low potential for DDIs, the combination of LCM and LEV may provide additional therapeutic benefit.
The objective of the trial reported here was to evaluate prospectively the effectiveness of LCM when added to LEV, with crosstitration (discontinuation) of the concomitant SCB among patients with focal epilepsy.
| METHODS
This was a phase IIIb, open-label trial conducted across Australia, Europe and the USA (SP0980, NCT01484977). It was conducted in accordance with applicable regulatory and International Conference on Harmonisation Good Clinical Practice requirements, and the ethical principles of the Declaration of Helsinki. National, regional or independent ethics committee in each country approved the trial. All participants provided written informed consent.
The trial had a 4-week screening period, a 21-week treatment period (9-week cross-titration and 12-week maintenance) and a taper/safety period, lasting up to 4 weeks (Figure 1 ). Patients started LCM at 100 mg/day (50 mg bid), increased to 200 mg/day after 1 week. Over the remaining 8 weeks, the dose was increased in increments of 100 mg/day/week as needed (maximum 600 mg/day).
One dose reduction was allowed in case of tolerability issues. SCB Global Impression of Change (CGIC), respectively. Safety was evaluated by monitoring AEs.
As fewer than the planned 300 patients were recruited, the trial lacked sufficient power to detect a 50% reduction in the all-cause discontinuation rate; therefore, all analyses are exploratory in nature.
Analyses of the primary and all safety outcomes were based on the safety set (SS, all participants who took at least one dose of LCM).
Analyses of other seizure outcomes were based on the full analysis set (FAS, participants in the SS who had at least one seizure diary data assessment during treatment) and the per protocol set (patients who fully discontinued their SCB AED at the end of titration). A post hoc analysis was conducted to evaluate safety and seizure outcomes among patients who were exposed to LCM ≤400 mg/day (modified FAS, mFAS). The primary as well as seizure outcomes were analysed using descriptive statistics, generated using SAS ® version 9.1 or higher.
| RESULTS
Overall, 147 patients were screened and 120 enrolled; 93 (77.5%) patients completed all trial assessments, while 27 (22.5%) discontinued ( Figure 2 ). Of the 120 patients, 118 had at least one efficacy assessment and were included in the FAS. According to trial protocol, patients should have discontinued their SCB by the start of maintenance. While most patients adhered to the protocol, there was insufficient evidence that 36 patients had stopped taking their SCB AED in time, or at all. Therefore, these patients were not considered to have adhered to protocol, even if the dose of the SCB AED had been partially reduced. Of these 36 patients, 20 completed the trial.
All patients, whether they discontinued their SCB or not, were included in the efficacy analysis (intention-to-treat population or FAS).
In the subgroup of 51 patients who took LCM ≤400 mg/day (mFAS), 33 discontinued while 18 continued to take their SCB at the end of cross-titration. Thirty-seven patients (29/33 and 8/18) completed the maintenance period.
F I G U R E 2 Trial disposition
Demographic and baseline epilepsy characteristics are summarized in Table 1 . Median LCM dose for the overall population was 500.0 mg/ day (198.7-600.0 mg/day) during the maintenance period and 389.9 mg/day (66.7-536.1 mg/day) during the treatment period.
Corresponding values were 499.6 mg/day (198.7-600.0 mg/day) and 400.6 mg/day (66.7-536.1 mg/day), respectively, for those who discontinued their SCB. In the subgroup who took LCM ≤400 mg/day, the median dose was 398 mg/day (199-400 mg) during the maintenance period and 285 mg/day (67-375 mg) during the treatment period.
Retention rate at the end of the 21-week treatment period was 73.3%
for the overall population (N=120; SS) and 83.3% for those who discontinued their SCB (n=84, per protocol population). The median per cent reduction from baseline in 28-day focal seizure frequency was 45.80%
during treatment and 64.06% during the maintenance period for the FAS (n=118). Corresponding values for the per protocol population subpopulation that discontinued their SCB were 46.75% and 50.57%, respectively.
In the FAS, 45.8% of patients reported ≥50% reduction and 27.1%
reported ≥75% reduction from baseline in 28-day focal seizure frequency during the treatment period. Corresponding values for the maintenance period were 47.5% and 37.3%, respectively ( Figure 3 ).
Among patients who discontinued their SCB, 47.6% reported ≥50% reduction and 29.8% reported ≥75% reduction from baseline in 28-day focal seizure frequency during the treatment period. During maintenance, corresponding values were 47.6% and 38.1%, respectively.
Seizure freedom among patients who completed the maintenance period was 14.0% in the FAS and 13.7% in the per protocol population ( Figure 3) . Results of the post hoc analysis showed that compared with the overall population, there was a trend towards better seizurerelated outcomes among patients who took LCM ≤400 mg/day, especially among those who discontinued their SCB (Figure 3 ).
At baseline, the mean total score for QOLIE-31-P was 59.50 (n=116). At Visit 7 (or early trial termination), the total score showed a mean improvement of 3.91±14.39 points (n=113). All subscale scores also increased from baseline to Visit 7 ( Figure 4) . A mean improvement of >5 points was observed for energy/fatigue (5.90±21.42), QoL (5.35±18.36) and daily activities/social functioning (5.04±24.52). In the subgroup who took LCM ≤400 mg/day, the mean total baseline QOLIE-31-P score was 59.29 (n=50). At Visit 7, the total score showed a mean improvement of 3.07±13.06 points (n=48) (Figure 4 ). There were slight differences in the changes in the subscales between the two patient populations. Improvement in seizure worry and medication effects tended to be greater among patients taking ≤400 mg/day, while the improvement in daily activities and energy/fatigue tended to be greater in the overall population. TEAEs during the treatment period. The most common were those coded to convulsion (2.5%) and suicidal ideation (1.7%), and most were LCM-related as determined by the investigator; however, none were serious or severe in intensity. Most patients discontinued during cross-titration (7/120 patients, 5.8%), including two of the three who experienced TEAEs coded to convulsion.
F I G U R E 3
Responder rates during the treatment and maintenance periods among patients taking lacosamide doses 200-600 mg day (top panel) and among those taking lacosamide doses ≤400 mg/day (bottom panel). Seizure freedom was evaluated during the maintenance period only, and included patients who completed the maintenance period (FAS=full analysis set; mFAS=modified FAS; SCB AED=sodium channelblocking antiepileptic drug; PP=per protocol; mPP=modified PP). 
| DISCUSSION
The approval of LCM as adjunctive therapy in focal epilepsy was based on the results of three pivotal trials, [13] [14] [15] all followed by open-label extensions. [16] [17] [18] In the pivotal trials, patients with highly refractory disease received LCM in a fixed titration scheme added to a variety of AEDs-up to 82% had a SCB in their treatment regimen. 9, 19 Post hoc analyses based on the mechanism of action of patients' concomitant AEDs suggested that LCM therapy resulted in significant seizure reduction relative to placebo, regardless of presence/absence of SCBs.
9
Results also suggested a potential for better tolerability and efficacy outcomes, especially at higher LCM doses, among patients not taking Given the large number of combinations available with the currently marketed AEDs, the required specific combination was a strong limiting factor in recruitment to the trial. Consequently, given the slow enrolment, it was decided to terminate the trial after enrolment of 120 patients, instead of the planned 300. As the sample size was smaller than that required based on power calculations, the trial did not have sufficient power to detect statistical differences in the all-cause discontinuation rate. Therefore, all analyses reported here are descriptive.
A further limitation of the trial was that some patients did not appear to follow the protocol. At the end of the cross-titration period, patients were required to stop taking their SCB; while they may have stopped, there was insufficient documented evidence for 36 of them. Although the concomitant SCB AED could have been partially reduced, a conservative approach was taken in the analysis by classifying all patients without evidence of full discontinuation as non-protocol adherent.
With these caveats in mind, results showed that combination therapy with LCM and LEV following SCB discontinuation was associated with effective seizure control and favourable tolerability. The overall retention rate was 73.3% (88/120), while in the subpopulation of patients with sufficient evidence of SCB discontinuation it was 83.3%
(70/84). The effectiveness of the combination was also evident from seizure-freedom rates. In the overall population, 14.0% of patients remained seizure-free during the maintenance phase; among those treated with LCM ≤400 mg/day, the corresponding value was 18.9%.
These rates compared favourably with those obtained in the pivotal trials (3.3% and 4.8% for patients treated with LCM 400 and 600 mg/ day, respectively). 19 It is important to note, however, that comparisons of the results should be interpreted with caution, given different trial designs.
Results for all seizure-related outcomes tended to be higher among patients who took LCM doses ≤400 mg/day and discontinued their SCB AED. This was in comparison with both the overall and the subgroup populations. A potential explanation for this observation is the real-life setting of the trial, which allowed for flexible dose titration. Consequently, patients with less treatment refractory epilepsy responded fully to lower doses, while those with more severe or refractory disease required higher doses to achieve similar levels of seizure control. Use of low doses is important in combination therapy, since the greater the drug burden, the greater the risk of AEs and DDIs and consequent treatment discontinuation. [21] [22] [23] Indeed, the toxicity burden of overtreatment can have a greater negative impact on patients than the disease itself.
24
The total and all QOLIE-31-P subscale scores increased from baseline to trial end, indicating improvement in patients' HRQoL. The LCM and LEV combination was well tolerated. The most common TEAEs were dizziness, headache and fatigue, and the majority were reported during cross-titration (64.2% vs 40.8% during maintenance). 26, 27 Results of this trial suggest the feasibility of flexible dosing and a cross-titration schedule when initiating treatment with LCM. A similar schedule was employed in another prospective, open-label study, but with a smaller number of patients (N=23). 20 Over a 5-week cross-titration period, LCM dose was increased in weekly increments of 100 mg/day while the dose of the concomitant SCB was reduced and the dose of baseline concomitant non-SCB was maintained. Investigators reported effective seizure control with a reduction in CNS-related side effects through the subsequent 12 months of treatment with LCM doses up to 800 mg/day. In the current trial however, lower LCM doses were usedthe median dose for the overall population was 500.0 mg/day during the maintenance period and 389.9 mg/day during the treatment period.
Corresponding values were 499.6 and 400.6 mg/day, respectively, for those who discontinued their SCB. Lower median modal doses during the treatment period are probably due to patients discontinuing before reaching an efficacious dose. The median dose of LEV remained stable at 2000 mg/day for all patients during the treatment period.
While the number small sample size precluded statistical analyses, results described here show that treatment with a combination of LCM and LEV after down-titration of a SCB was associated with high retention and seizure-freedom rates. The combination was also well tolerated, as shown by the low discontinuation rate due to AEs (6.7% in the overall population and 3.6% among those who discontinued their SCB). Based on the proposed tenets of combination therapy 2 and the results of this trial, the addition of LCM to LEV could present an acceptable therapeutic approach. Furthermore, for patients who still experience seizures despite combination therapy with a SCB, the cross-titration schedule described here, as well as by others, 10, 20 could offer a practical approach to initiating LCM while minimizing potential pharmacodynamic interactions.
